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Analysis of Processing Costs 
in Veszetable Dehydration 


The accoupanying cost charts are designed larrely for the purpose of assist- 
ing operators in the field of vegetable dehydration to make a rational ap- 
proach to the subject of production costs. The material is meant to be 
suggestive of methods by which the relative importance of various operating 


elements may be evaluated, and the relations between various cost factors 
determined, so that the effect of operating changes may be at least partially 
predicted in advance, In order to be clearly understood, the charts should 

be considered with the tables and in the light of the qualifications indicated 
below. 


The validity of the presentation is limited to the particular types of equip- 
ment and operations here considered. The labor set-up, for example, assumes 
the use of conventional types of preparation equipment and a truck and tray 
air blast tunnel drier. The estimates of equipment and labor costs also 
depend on other specific assumptions which will not apply in all plants. 

Wide variations from the figures shown will occur in some cases. . The actual 
figures should not be given too much weight until the basic assumptions have 
been closely checked. 


hew materiel costs, preparation costs and labor requirements are the only 
cost factors included in this presentation. It is planned to extend the 
cost studies to cover costs of complete plants and total processing costs 
so tnat the approximate production cost in any given situation can be pre-=- 
dicted in advance. 


In the first seven charts, there is no direct relation between the lines 
showing equipment costs and those showing labor costs, except that both 
change in the same general manner with cnanges in plant capacitye Both 
equipment and labor costs per unit of output increase sharply in the small 
plants. 


In all cases the rate of increase of labor cost with decreasing plant capacity 
becomes more rapid when the plant size is below the intermediate range of 

30 to 50 tons per day (unprepared basis). Above this range labor costs change 
relatively more slowly with changes in plant size, The capacity at which this 
effect becomes apparent is not sharply defined and it depends on a variety of 

factors. The change is much more marked for some vegetables than for others. 


Figures 1 to 7 are, to some extent, based on a balance betweer equipment in- 
vestment and labor costs. Larger equipment investment usually results ina 
lowering of labor costs. The limitations in this connection are obvious. 

It is frequently true, however, that production costs are higher than neces- 
sary, due to an insufficient degree of mechanization. The relatively large 
amount of eyuipment investment justified by a small labor saving is shown 
in Figure 17 and Table 17. 


Figures 9 and 10 are for making quick comparisons of various raw materials, 
Figure 9 on the basis of overall shrinkage from raw material to finished 
product, and Figure 10 on the basis of preparation loss only. These values 
can often be determined in test runs. For practical use, these charts should 


“cover a narrower range by much smaller steps than here usedo 
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Figures 11 and 12 are used together to determine the relative prepared costs 
of various raw materials when estimates of trimming rates and preparation 
losses have been made. It is assumed in this case that the amount of prepa- 
ration labor will be sufficient to maintain a constant flow of prepared 
material to the dehydrater. This means that there must be enough room 
along the trimaing belt to allow for adjustment of trimming labor to the 
Optimum point for a given raw material. This emphasizes the importance of 
having an adequate length of trimming belt. 


The use of these figures may be illustrated as follows: Let us suppose that 
a batch of potatoes costing $40 a ton has a preparation loss of 20 percent 
and can be trimmed at a rate of 100 pounds per woman per hour by labor cost-= 
ing 30.80 per hour. To find the cost of a prepared ton of potatoes we get 
the trimming cost ($16 per unprepared ton) from Figure 11 and add to it the 
raw material cost of $40 which gives a total trimming and raw material cost 
of $56 per unprepared ton. For this figure and a 20 percent preparation 

loss we find on Figure 12 the cost of a prepared ton to be $70. Another 
batch of potatoes costs $53 per unprepared ton, and gives preparation losses 
of 30 percent at a trimming rate of 70 pounds per hour. From Figure 1l we 
find the trimming cost to be $23 per unprepared ton. Adding this to the raw 
material cost gives $56 per unprepared ton. For this value and a preparation 
loss of 30 percent we find from Figure 12 that the cost of a prepared ton 

is $80. It is therefore more economical to buy the $40 potatoes. (It may 

be mentioned that the labor figures used in this comparison should include 


an allowance for overhead. ) 


Figures 15 and 16 show the amount of additional trimming labor justified by 
& 5 percent saving in raw material. Figure 15 shows, for example, that in 
a plant handling potatoes costing ‘40 per ton, with a trimming rate of 100 
pounds per woman per hour, a 5 percent material saving (due to the more 
careful trimming) will justify an 11 percent increase in trimming labor. 
Figure 16 shows the actual number of employees justified by a 5 percent 
material saving in plants of various sizes. The use of these figures is 
based upon the assumption that a constant output of prepared mterial is 
maintained. 


The whole discussion of preparation equipment and labor assumes that there 
is a proper balance between the preparation line and the dehydrater. 
Obviously, the balance is disturbed by anything that changes the capacity 
of the preparation line. Suppose, for example, that the output of the prepa- 
ration line is increased due to an improvement in raw material, thus in- 
creasing the amount of material fed to the dehydrater. If the dehydrater 
has reserve heating capacity, it may be possible to dry the increased 
quantity by decreasing the amount of air recirculation, thus shortening 

the drying time. (The alternative expedient of increasing tray loading may 
be undesirable fromthe standpoint of produet quality.) The inerease in 
fuel cost due to lower heat efficiency will usually be more than offset 

by the value of the increased output of the plant. A corollary of this 
conclusion is that ample evaporative capacity in the dehydrater igs usually 
& good investment. The dehydrater should never be a bottleneck. Further 
more, the equipment between the trimming belt and the dehydrater should be 
sufficiently oversize to handle any probable inerease in the output of the 


* 
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trimming belt due to an improvement in raw material, 


The rest of the material is largely self-explanatory. The value of the charts 
to plant operators will depend upon their ingenuity in adapting the REESE ASS 
methods to their own operating conditions. 


For further detailed information address 


The Dehydration Committee 

Bureau of Agricultural Chemistry and Engineering 
Agricultural Research Administration 

Ue So Department of Agriculture 

Washington, De Co 
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The Dehydration Committee 

Western Regional Research Laboratory: 
800 Buchanan Street 

Albany, California 
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Table Leets 


As Preperation, Final Inspection, and Packaging k,uipment, 
and Labor Costs for Various Sizé Dehydrating Plants . 
(13 to 1 overall shrinkage ratio) 
roo uipment Cost : 
Plant Capacity : _Cost Per Daily Ton : Labor Cost Per Pound 
(Unprepared Basis) : Total : Unprepared : _ Dry : Unprepared : _ Dry 
400 lbs per hour & 2,000 AL $5,420 1.98¢ 25 «5¢ 
S30; " q 3. tos >We 4,900 1.48 182 tall 
E7O* aM " " faery ie 36¢ 4,750 A Bey BA Be 
£75 ic We Lae 11,250 281 3,660 0.97 12.6 
« Byoou, 7 u 4 SE Pee fe, 196 2,550 0.76 9.9 


These estimates of eauipment and labor cost: are based upon epecific assump- 
tions which will not apply to all. plents. Wide variations from the figures 
shown will occur under special conditions. For example, labor costs are 
calculated from hourly rates of 60¢ for women and 75¢ for men. 
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v Cabbage 
Preparation, Finel Inzpection, and Packaging kijuipment, 
ana Labor Co:tse tor Various Size Dehydrating Plants 
(19 to 1 overall shrinkuge ratio) 
: icuipment Cost : 
Plent Capacity : : ’Gost Per Daily Ton » ;: Labor: Cost Per Pound 
(Unprepered Basis si Total. :Unprepared Dry ; Unprepared : Devise 
400 lbs per hour §& 2,095 « 436 3,290 1.49¢ 28.3¢ 
rs Ones" " 3 4,065 4,07 oxy 3 Risen dtpys et 24.8 
aoc -t y " igen 296 5,630 0.96 1st 
Syste 2k Ree 10,800 B70 5 130 0.78 La 
Bvostiaaey elt 18,975 190 3,610 0.54 10.3 


These estimates of equipment and labor costs are based upon specific 
assumptions which will not appl, to all plants. Wide variations from 
the figures shown will occur under special conditions. For example, 
labor costs are calculated from hourly rates of 60¢ ror women and 

75¢ for men. 
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Table 3 


Carrots 


Preperation, Final Inspection, and Packaging Equipment, 
and Labor Costs for Various Size Dehydrating Plants 
(10 to 1 overall shrinkage ratio) 


$ | Bystpaent Cost _% 
Per Dai : Labor Cost Per Pound 
_? Unprepared ; — Dry 


400 lbs per hour 0 2,058 2,665 § ‘Vee $5,550 1.792 17.9¢ 


ego 9 " 4 4,40 444 4,440 1.46 14.6 

1,670 7 8 8 7,165 S68 «8, 680 1.12 11.2 

$30 ° * 8 11,700 293 2,930 0.97 907 
g,3c0 ® ° 8 22,425 224 2,240 0.77 757 


These estimates of Me rape and labor costs are based upon specific 
assumptions which will not apply to all plants, Wide variations from 
the figures shown will oceur under spesial conditions: For example, 
labor costs are calculated from hourly rates of 60¢ for women and 
75¢ for mene 
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Preparation, Final Inspection, and Packaging Equipment, 


Table 4 


Onions 


and Labor Costs for Various Size Dehydrating Plants 


Plant Capacity 


(Unprepared Basis) 


400 lbs per hour 


Byo " 
1,670 * 
3,530 " 
8,330 " 


These estimates of equipment and labor costs are based upon specific 
assumptions which will not apply to all plants. 
the figures shown will occur under special conditions. 


labor costs are 
75¢ ror men. 
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(14 to 1 overall shrinkage ratio) 


_ Eguipment Cost : 
Cost Per Daily Ton : 


Total : Unprepared : 


% 1,240 
2,640 
4,765 
8,475 
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: Unprepared : Dry 


1.45¢ 
1.13 


0.96 


Wide variations 
For example, 
calculated from nourly rates of 60¢ for women and 
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_ Plant Capacity 
(Unprepared Basis) 
400 lbs per hour 


830 
1,670 
3,330 


8,530 


These estimates of equipment and labor costs are based upon specific 
assumptions which will not apply to all plants. 
the figures showm will occur under special conditions. 
labor costs are calculated from hourly rates of GO¢ for women and 
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Preparation, Final Inspection, and Packaging Equipment, 
and Labor Costs for Various Size Dehydrating Plants 
(7 to 1 overall shrinkage ratio) 


75¢ for men. 
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Table 5 


Potatoes 


Dry ; 


4,110 
2,840 
2,420 


1,780 


2.09¢ 


1.80 


Labor Cost Per Pound 


Unprepared Dry 


14.7¢ 

12.5 

10.9 
948 


8.2 


Wide variations from 
For example, 
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Sweet Potatoes (Yams) 


Prepare tion, Final Inspection, and Packaging Equipment, 
and Labor Costs Per Various Size Dehydrating Plants 
(41/2 to 1 overall shrinkage ratio) 


, Equipment Cost 
Plant Capacity : : Cost Per Daily Ton : Labor Cost per Pound 
(Unprepared Basis : Total +: Unprepared : Dry : Umprepared ; Dry 


400 lbs per hour g 3 yOL5, as 628 Ms $2 1820 | 1. 79¢ Pa 8.08 ee 

SONU 5,115 51a 2,300 a ing ie eae 
Pero tis tee. sit 9,335 1,67 2,100 diay? ae 
SEB ie Ub oa tt 14,850 371 POG okey 5,0 
$3300 test " 27 225 272 1,230 0.88 3.9 


These estimates of equipment and labor costs are based upon specific 
assumptions which will not apply in all plants.: Wide variations from 
the figures shown will occur under special conditions. For example, 
labor costs are caleulated from hourly rates of 60¢ for women and 

75¢ for men. 
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‘ Table 7 


Turnips (Rutebagas) 


Preparation, Final Inspection, and Packaging Equipment, 
and Labor Costs for Various Size Dehydrating Plants 
(10 to 1 overall shrinkege ratio) 


: Equipment Cost : 

Plant Capacity : : Cost Per Daily Ton : Labor Cost Per Pound 
(Unprepared Basis) : Total : Unmprepared :_ Dry _: Unmprepared : _ Dry 

400 lbs per hour % 2,665 $ 556 $5 550 1.79¢ 17.9¢ 

S350. o.0 " " 4,440 L444 4,440 ABS ns 
260702" " I ly o> 366 3,660 1.16 1.6 
> PEC OL u " Lay (0G 293 2,930 0.98 9.8 
5,950 08 " if EAglied 221 agel0 0.77 ath 


These estimates of equipment and labor costs are based upon specific 
assumptions which will not apply to all plants. Wide variations from 
the figures shown will occur under special conditions. For example, 
labor costs are calculated from hourly rates of 60¢ for women and 

75¢ Lor men. 
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Table 8 


Preparation, Final Inspection, and Packagin 
Equipment Costs for Various Vegetables 
in Different Size Plants 


Equipment Costs at Various Plant 
Copacities = Uape spores pesie aed 
880 db : ‘O P SydSO0 Luss & 


Cabbage 2,095 4,068 5,925 10,800 18,975 
cayroee 2,668 4,440 7,165 . 13,700 88,425 
Onions 1,240 2,640 4,765 8,476 13,875 
‘porate 2,245 5,865 8,100 13,800 25,425 
Sweet potatces (vam) 5,015 6,115 9,335 14,850 27,225 
Turnips {Rutebagas) 2,665 4,440 7,515 < 41,700 22,125 


These estimates of te uipment costs are based upon specific assumptions which 
will not apply to all plants. Wide variations from the figures showp will 
occur unde Special conditions. 
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Table 9 


Raw Material Costs in Cents per Pound 
of Dry Product at Various Shrinkage Ratio. 


% $ Material Cost per Dry Pound at 
Cost.per Ton : Varicus Overall Shrinkage Ratios _ 
Unprepated: i oS tol ¢.10to 1. : 15 to ls 20 to I 
$ 10 go Bbed? 3 yma Get ie Sea 10¢ 
20 ¢ Ey 10 : 15 : 20 
50 fry Wa a AB See Ye Te 
40 : 10 BO~. ~wilf +. -80 : 40 
BO. Te CR ae 2 eet S/2t Se 2 
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Table 10 


Unprepared Material Costs and Allowable Preparation 
Losses to Obtain a {pecirfied Material Cost of the 
Prepared Product 


Preparation 
Loss Material Cost ; 


10% #8 
20 16 32 48 
30 lL 28 42 


40 iPes 24 36 


60 3 16 xan 


Cost per Ton 
(Prepered) eke ¢ 40 € 60 _ 


Only material costs have been considered in this 
Not knowing how the labor cost will be afrected 
qgifferent graces of vezgetzbles, the labor cost hes been 
acsumed to be constant. 
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Table ll 


Cost of Trimning Per Unprepared Ton For 
Various Trimming Rates and Labor Costs 


: Cost of Trimming Per Unprepared Ton For 
Trimming Rate- : Number of Women : Various Labor Costs Per Hour Per Employee 


Lbs Per Hour: Per Ton Fer Hr. : 60¢ per Hour : 80¢ per Hour : 100g per Hour 


40 lbs 50 $ 30.00 & 40.00 % 50.00 
60 33 1/3 20.00 26.67 33033 
80 25 15.00 20.00 25.00 

100 20 12.00 16.00 20.00 

125 16 9.60 12.80 16.00 

167 12 7.20 9.60 12.00 

200 7 10 6.00 8.00 10.00 

333 6 3.60 4.80 6.00 

400 5 3.00 4.00 5.00 

667 3 1.80 2.40 3.00 


In using this table, it should be remembered that hourly labor costs shown 
include overhead. 
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Cost Per Prepared Ton For 
Rew Material and Trimming Labor 
Allowing for Various Preparation Losses 


Material and Trimming + 
Cost Per Unprepared 


me 

$ 20 
40 
60 
80 
100 111.10 125.00 142.90 166.70 
120 183.80 150.00 171.50 200.00 
140 155.60 175.00 200.00 258. 20 
160 177.80 200.00 228.60 266.70 
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Table 13 
A poy Labor Cost for Dehydrating Various 
septh’' Vegetables in Different Size Plants 
: Labor Cost Per Dry Pound at 
: Various Plant Capacities (Unprepared Basis) 
: 400 lbs: 660 lbs: 1,670 lbs : 8,830 los : 8,580 lbs 
Vegetable 3 per hour : per hour : per hour_ : per hour: per hour 
Table Leets 25.54 19.1¢ 15.3¢ 12.6¢ 9.9¢ 
Cabbage 2823 248 18.1 14.9 10.3 
Carrots 17.9 14.6 11.2 967 ae 
Onions 20.5 15.9 13.5 1B ays, 9.4 
Potatoes 14.7 12.5 10.9 923 8.2 
‘ Sweet Potatoes (Yams) 8.0 Tee 5.6 . 5.0 3.9 
" -s. furnips (Rutabages) 17.9 15.3 11.6 9.8 Tet 


-These estimates of labor costs are based upon specific assumptions which will 
not apply to all plants. Vide variations from the figures shown will occur 
under special conditions. for example, labor costs are calculated from hourly 
rates of 60g for women and 75¢ for men. 
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Employees for Dehydreting Planis 
Processing 1,¢70 Pounds per Hour (Unprepared Basis) 


: Sweet 
sTable ; :Potatoes: Turnips 


sEeets :Cabbage :Carrots :Qnions :Potatoes: : (Rutavacas 


Operation 


Heecing preparation: Line :\1 Mo: 1M io» IM sae tans eens eM es 1M 


sealding and blanching aM aes : : ; 

Grading and peeling : : : DMs 

Trimming, coring, etc. ‘10 F i oe) 10 F SRG 20 F ea : 10 F 

Shredding : 1M : 

Spreading on blancher Heth: : ey 16 Us 1F . pie ; 1F 

Tray loading , 2F ; 28 ae ak Bus ae 2F 
and stacking Cease. Ml ac eert mula i$ 2M 2M 2M 


Moving cars and drying SAN ma eas Matyas api Wicies: OSe i Le Maw ke § ara" 5 Sy ne iM 


Scraping trays and ; : ; ; ; : : 
inspecting pa Aas A Shae Ae en eee Ae eee ee Ly Mayra lem ge gh S| Fee ea 
Packaging and preparing i Pe ae ae er iS cone? Lah oe or BB 
for shipment oy ee MS ee aM Ries > Le aM gM eM 2M 2M 
Eelpers, clean-up, etc. SI EMY Ae 008 Die wha Mit mae one tae nage ey! : 
Totals, exclusive SA Saale att AY Stee LY Re Ans ot AAA ale sry Leadee Sie me a 14 F 
o: foreman Py Mer y-s1.bAM silo Mi ced eh ye oe ek ae 13 M 


These estimates of labor requirements are based upon specific assumptions which 
will not apply to all planis. Wide variations from the figures shown will occur 
-under special conditions. 
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Table 15 


t of Additional Trimming Labor 


Justified by a 5% Saving of Material 


(Labor 


Trimming Rate per 
Hour per Employee 


50 lbs per nour 
ROD at want iy 
BOGeen ice , 
COU pe ee , 


600 tt tt tt 


: 20 per Ton : $40 per Ton : $60 per Ton 


cost = 90¢ including overhead) 


Percent of Additional Labor at 
Various Material Costs 


268% 5 6% 8 3% 
566 lige 1667 

Livl epee 33.3 
22.2 44.4 6667 

33.3 66.7 100.0 


Note: For a given size plant, the number of employees added 


will be tne same, regardless of the trimming rate, at 
a constant material cost. 
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Number of Additional Employees 
Justified by a 5% Saving of Material 


: Number of Additional Employees 


Hourly Raw Material : Hourly : at Various Labor Costs 
Cost : Savings’: 060g. | LOOgiia)” lunLOOg ime 

$10 per ton  O.50 0.8 0.6 0.5 
eles or 1.00 1.7 1.3 1.0 
oC Sace i), os 1.50 20d 200 1.5 
OMe sun 200 563 205 260 
SOre a ve 2250 4.0 500 209 
GUGM ses 5.00 50 568 3.0 
LOR ears 550 6.0 4.4 3.5 
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Table oe 


Equipment Investment Justified by Reduction 
of Labor Costs Assuming Various Periods of Write-off 


for the Equipment 


(Assuming a 200 day operating season - 24 hrs per day) 


Cost of equipment installed 


Annual Charges 
Depreciation 
Repairs 
Interest and taxes = 

10% of investment 
Total fixed annual charge 
per $1,000 investment 

Divide by 200 days to get 
cost per day 

Divide by 24 to get cost 
per hour 

Add for hourly cost of oper-= 
ating machine per $1,000 

Total charge per hour for 
equipment = or the amount 
of labor per hour that 
Will buy $1,000 worth of 
equipment 

Dollars of equipment bought 
by $1 worth of labor = 
(1,000 divided by the 
machine cost per hour) 


Ditto for $5 labor 
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Table 18 


Loss of Income per 100 Pounds of Dry 
Product Normally Produced per Hour 
Due to a Shutdown of the Preparation Line 


° Loss+in-Income.at. Various. Values 
of "Selling Price less Material Cost" 


1 minute és wns 95 236 $ 250 % 067 
5 minutes 83 1.67 2090 - 36353 
LO peo 1.67 5058 5200 6.67 
15 Mi 2250 5200 7.50 10.00 
SO garars 5200 10.00 15.00 20.00 
45 "* 7.50 15.00 222500 50.00 
SOsmaee 10.00 20.00 30.00 40.00 


It is assumed that all operating costs except material and container 
costs go on even during a shutdowm. The loss in income as calculated 
is based on lost output valued at selling price less these material 
costse This loss is reflected in higher processing costs of the 
product actually produced. 
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